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COMBINED CORONARY STENT DEPLOYMENT 
AND LOCAL DELIVERY OP AN AGENT 

TECHNICAL FTEIiP 

5 The present invention relates to the treatment 

of cardiovascular ailments, and more particularly to 
combined coronary stent deployment and local delivery of 
an agent . 

10 BACKGROUND 

Angioplasty is commonly used to treat 
stenosis, which is a narrowing or stricture in a blood 
vessel. Stenosis is usually caused by a buildup of 
plaque or raised patches along the inner lining of an 
15 artery. Plaque can consist of fats, oils, decaying 

muscle cells, fibrous tissue, clumps of blood platelets, 
cholesterol, and calcium. Such a buildup is called a 
stenotic lesion and usually occurs in a coronary or 
peripheral artery. 

20 During angioplasty, a balloon is inserted into 

the artery and positioned at the site of the stenotic 
lesion. The balloon is then inflated, which dilates the 
lumen in the artery and compresses and/or cracks the 
stenotic lesion. This action increases the size of the 

25 lumen formed by the vessel and improves blood flow. One 
problem with angioplasty is that there is a high rate of 
restenosis following the procedure, which is a 
renarrowing or reclosure of the vessel. In fact, about 
30%-50% of patients receiving angioplasty experience 

3 0 restenosis within six months from the date that the 
procedure is performed. 

Another complication from angioplasty is an 
abrupt reclosure of the vessel, which may be caused by a 
tear or rupture in the vessel wall. Such trauma can 

35 cause a flap that falls into the lumen of the vessel and 
impedes blood flow. 

One technique to prevent reclosure of the 
blood vessel due to maladies such as tears, ruptures, 
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and elastic recoil of the vessel wall after angioplasty 
is to place an intravascular stent at the site of the 
tear, rupture, or original stenosis. During this 
procedure, the angioplasty catheter is initially 
5 inserted at the site of the stenotic lesion and expanded 
in order to expand the vessel and compress the lesion. 
The angioplasty balloon is removed and a second, 
balloon- type catheter is inserted and carries the stent 
to the site of the tear, rupture, or original stenotic 
10 lesion. 

The balloon of the second catheter is inflated 
to expand the stent against the vessel wall. Depending 
on the type of stent that is used, other types of 
catheters could be used in lieu of a balloon- type 
15 catheter. The second catheter is removed after the 
stent is positioned. 

In most cases, a third balloon- type catheter 
is introduced into the vessel and its balloon positioned 
within the stent. The balloon is then inflated to high 
20 pressures in order to over expand the stent. Ensuring 
that the stent is fully expanded in this manner can 
reduce the rate of restenosis. Once in place, the stent 
acts as a semi-rigid structure that maintains the vessel 
in an open state. 

25 A difficulty with this procedure is that it 

requires the insertion and removal of multiple catheters 
in order to perform the entire procedure, which 
increases the chances, of complications and undue trauma 
to the patient. For example, there is an increased risk 

30 of tears or damage to the vessel wall. There is further 
risk because using three separate catheters requires an 
increased amount of time to complete the surgical 
procedure. The risk of complications increases with the 
amount of time that a patient is subjected to a surgical 

35 procedure. Cost is another problem. The cost of such a 
procedure is related to the amount of equipment and time 
that is required to perform the procedure. 
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Furthermore, stents do not prevent renarrowing 
due to maladies such as cell proliferation or the 
formation of a thrombus. Cell proliferation is the 
formation of scar tissue and can be caused from the 
5 presence of a foreign object within the body, a mismatch 
in the compliance between the stent and the vessel wall, 
or the healing of tears in the vessel wall. A thrombus 
is a blood clot that can be caused from turbulence in 
the blood flow that is induced by the stent. 
10 Ce H proliferation and the formation of a 

thrombus can be prevented with a therapeutic agent. 
Cell proliferation can be prevented with an agent such 
as an antiproliferative agent, and a thrombosis can be 
prevented with an agent such as an anticoagulant. Such 
15 drugs typically are delivered systematically and thus 
carried throughout the vascular system. 

During systemic delivery, however, it is 
difficult to maintain the required therapeutic level of 
the agent in the patient's system. In order to maintain 
20 such a therapeutic level, a high dose of the agent must 
be administered to the patient. A problem is that 
antiproliferative agents are expensive, and agent that 
is delivered to areas of the body other than the 
treatment area is wasted. As a result, systemic 
25 delivery of the agent unnecessarily drives up the cost 
of the medical procedure. 

Another problem is that systemic delivery can 
be harmful because the agent is exposed to healthy 
tissue as well as diseased tissue. As a result, 
30 systemic delivery can introduce unwanted side effects. 
For example, maintaining a high systemic level of an 
antiproliferative agent can cause unwanted cellular 
toxicity in healthy cells, and a high systemic level of 
an anticoagulant can cause internal bleeding or 
35 excessive bleeding at wounds such as the puncture wound 
required to permit catheter access. 

Local delivery of a therapeutic agent at the 
treatment area is a possible alternative to systemic 
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delivery. The difficulty is that local delivery of the 
agent requires the introduction of yet another catheter 
that is specifically designed for drug delivery. 
Introducing a fourth catheter is not desirable because 
5 it will increase the risk of causing further trauma and 
side effects to the patient. It will also dramatically 
increase the expense of the procedure. 

Therefore, there is a need for a single 
apparatus and method that can position a stent, fully 

10 expand the stent, and locally deliver an agent to the 
treatment area. There is a further need for an 
apparatus and method for performing angioplasty in 
addition to these functions. Such an apparatus and 
method would perform all of these functions with the 

15 introduction of a single catheter. 

SUMMARY 

The present invention fills this need by 
providing an apparatus and method that delivers an agent, 
positions a stent, and expands a stent with a single 
catheter. The same catheter can also be used to perform 
angioplasty. 

The apparatus comprises a catheter defining a 
lumen and a balloon in fluid communication with the 
lumen. The balloon defines pores sized about 1 |i or 
less. A stent is mounted on the balloon. 

The present invention is also directed to an 
apparatus for delivering a stent to a treatment area that 
comprises a catheter defining a lumen. A balloon is in 
fluid communication with the lumen, and a stent is 
mounted on the balloon. The stent is formed with an 
electrically conductive material. A lead extends along 
the catheter. The lead has one end in electrical 
communication with the electrode and an opposite end 
configured to be connected to a power supply. 

In yet another embodiment, a catheter defines a 
lumen. A balloon is in fluid communication with the 
lumen, and a stent is mounted on the balloon. The 
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balloon defines pores sized about 1 p, or less. The stent 
is formed from a biodegradable material or coated with a 
biodegradable material. The biodegradable material is 
configured to retain the agent and slowly release the 
agent . 

The present invention is also directed to a 
method of delivering a stent to a vessel using a catheter 
having a balloon and a stent that extends around the 
balloon. The method comprises the steps of: positioning 
the balloon in the vessel so that the balloon and stent 
are proximate a treatment area; delivering a therapeutic 
agent to the treatment area while the balloon is 
proximate the treatment area; and inflating the balloon 
so that the stent expands against the vessel wall. 

An alternative embodiment comprises the steps 
of: positioning the balloon and the stent in' the vessel 
so that the balloon and stent are proximate a treatment 
area; delivering a therapeutic agent to the treatment 
area while the balloon is proximate the treatment area; 
and inflating the balloon thereby simultaneously 
expanding the stent against the vessel wall and 
performing angioplasty. Yet another alternative 
embodiment includes the steps of positioning the balloon 
and the stent in the vessel so that the balloon and stent 
are proximate a treatment area; and inflating the balloon 
with a therapeutic agent thereby simultaneously expanding 
the stent against the vessel wall, performing 
angioplasty, and delivering the therapeutic . agent . 

Still another embodiment of the present 
invention is directed to a method of performing 
angioplasty and delivering a stent to a vessel using a 
catheter having a balloon. The method comprises the 
steps of: performing angioplasty wherein the balloon is 
positioned in the vessel so that the balloon is proximate 
a treatment area, is inflated, and is removed from the 
vessel; and then deploying the stent wherein a stent is 
mounted on the balloon, the balloon is repositioned 
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proximate the treatment area, and is inflated so that the 
stent expands against the vessel wall. 

DESCRIPTION of Tfffl T?RftWTM5g 

Figure 1 illustrates a catheter of the present 
invention in which a stent is mounted on a microporous 
5 balloon; 

Figure 2 shows the catheter of Figure l and 
illustrates the microporous balloon in an inflated state 
and the stent in an expanded state; 

Figure 3 shows the catheter of Figure 2 taken 
10 along line 3-3 and illustrates an electrode positioned 
within a chamber defined by the microporous balloon; 

Figure 4 illustrates an alternative embodiment 
of catheter shown in Figure 3 in which a surface of the 
microporous balloon is coated with an agent -retaining 
15 material; and 

Figure 5 illustrates another alternative 
embodiment of the catheter shown in Figure 3 in which 
the surface of the stent is coated with an agent - 
retaining material. 

20 

DETAILED DESCRTPT IQfr 

The present invention initially will be 
described in general terms. Various embodiments of the 
present invention, including a preferred embodiment, then 

25 will be described in detail with reference to the 

drawings wherein like reference numerals represent like 
parts and assemblies throughout the several views. 
Reference to the described embodiments does not limit the 
scope of the invention, which is limited only by the 

30 scope of the appended claims. 

In general terms, the present invention relates 
to a catheter that can carry a stent, position the stent 
at a target area, fully expand the stent, and locally 
deliver an agent. In use, a caregiver introduces the 

35 catheter into the patient's vessel and positions the 

stent at a treatment area. The caregiver can then expand 
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the stent and locally deliver an agent. The treatment 
area can include a stenotic lesion and surrounding 
tissue, a tear in the vessel, or a rupture in the vessel. 

This apparatus and method has several 
5 significant advantages. For example, insertion of the 
stent, expansion of the stent, and local delivery of the 
agent are performed with a single catheter. The caregiver 
does not have to introduce and withdraw multiple 
catheters in order to perform this procedure. The amount 

10 of time required to complete the procedure is also 

reduced. Accordingly, the cost of the procedure, the 
amount of trauma, and the risk of complications are also 
reduced. Furthermore, local delivery of the agent can 
permit maintenance of a therapeutic level of the agent 

15 while minimizing exposure of the agent to otherwise 

healthy tissue. The risk of causing side effects such as 
excessive bleeding is also reduced. 

An agent can be any type of substance that is 
used for medical purposes and can be in a fluid form 

20 such as a solution. Examples of agents include, but are 
not limited to, drugs, antiproliferative agents, 
anticoagulants, genetic material, biological agents, and 
radioactive substances such as isotopes. Radioactive 
substances are helpful because they kill cells in the 

25 treatment area and prevent cell proliferation. An agent 
also can be a single agent or a combination of different 
agents. The term catheter as used in the present 
application is intended to broadly include, but is not 
limited to, any medical device designed for insertion 

30 into a body passageway that can be used for both the 
deployment of a stent and delivery of an agent. 

Referring now to Figure 1, a catheter 10 
includes a catheter body 11 and a balloon 12 that forms a 
microporous membrane. The membrane can have pores sized 

35 from about 10 A to about 1 n, and a pore density from 

about 10 4 to about 10 11 pores per cm 2 . Pores sized at or 
below about 150 A are small enough to minimize the flow 
of fluid through the pores, but is still large enough to 
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permit the pores to be wetted and electric current to 
flow through the pores and carry the agent. A catheter 
having such a balloon is described in more detail in 
commonly assigned United States application serial number 
08/376,765, filed on January 23, 1995 and entitled 
MICROPOROUS CATHETER, a Notice of Allowance for which has 
been issued, and the disclosure of which is hereby 
incorporated by reference. 

A stent 14 is mounted on the balloon 12. The 
length of the stent 14 is slightly less than the length 
of the balloon 12. In this configuration, the entire 
length of the stent 14 will expand upon inflation of the 
balloon 12. The stent is a tube 16 that defines a 
plurality of slits 18. The stent 14 can be formed from 
15 biodegradable materials or metals. Examples of metals 
include, but are not limited to, stainless steel, 
nitinol, and tantalum. As an alternative to a rigid 
tube, the stent 14 can have other designs such as a coil 
spring, helical coil, tubular wire mesh, or any other 
type of stent that can be expanded by the balloon 12. 

Figure 2 illustrates the microporous balloon 12 
and stent 14 in expanded states, when the stent 14 is in 
an expanded state, the slits 18 are widened, thereby 
providing the stent with an increased circumference. 
25 Additionally, the stent 14 is semi-rigid in this state 
and will both comply with and maintain the expanded 
vessel wall in an open state. 

Referring now to Figure 3, the balloon 12 
defines a chamber 13 and has impermeable end caps 15 and 
17. Impermeable end caps are described in more detail, in 
commonly- assigned United States Patent 5,232,444, which 
is entitled Dilation Catheter, the disclosure of which is 
hereby incorporated by reference. Additionally, the 
catheter 10 includes an inflation lumen 20, a coil-wire 
35 electrode 22 and a lead 24. The coil-wire electrode 22 

is positioned in the chamber 13 and is wrapped around the 
catheter body 11. 
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The lead 24 is in electrical communication with 
the coil -wire electrode 22 and extends through the lumen 
20 so that it can be connected to a power supply (not 
shown) . A patch-type electrode (not shown) is configured 
5 to be placed against the patient's skin and is also 

connected to the power supply. Such power supplies and 
patch- type electrodes are well known in the art. 
Alternatively, one skilled in the art will realize that 
catheter 10 can have a bi-polar electrode arrangement. 

10 Bi-polar electrode arrangements are discussed in more 
detail in commonly -as signed United States Application 
serial number 08/291,394, filed on August 16, 1994 and 
entitled POLYMER MATRIX DRUG DELIVERY APPARATUS AND 
METHOD, the disclosure of which is hereby incorporated by 

15 reference. 

In use, a caregiver will identify a treatment 
area where the stent 14 is to be located. The treatment 
area can be a site where a lesion is located, a site 
where angioplasty was performed, a site where a venous or 

20 synthetic vascular graft was inserted into a vessel, a 
site where a tear or rupture was caused in a vessel, or 
any other portion of a vessel that requires support . The 
treatment area is typically, but not necessarily, located 
in a coronary or peripheral artery. 

25 The caregiver will introduce the catheter 10 

into the vessel and position the stent 14 so that it is 
within the treatment area. The caregiver will then 
inject agent through the lumen 20 and into the chamber 
13 . The agent is pressurized from about l atm to about 

30 10 atm, which wets the pores in the balloon 12, provides 
a path for electrical current to flow between the coil- 
wire electrode 22 and the patch- type electrode, and 
provides an initial expansion of the stent 14. The power 
source is then activated and the agent is 

35 iontophoretically transferred from the chamber 13 to 
tissue surrounding the balloon 12. 

In order to minimize the risk of inducing 
arrhythmia during iontophoresis, one can use an 
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electrical signal having a particular waveform as 
disclosed in commonly - assigned United States Patent 
5,499,971, which is entitled Iontophoresis Waveforms and 
the disclosure of which is hereby incorporated by 
5 reference. The caregiver also can pace the heart during 
iontophoresis as disclosed in commonly-assigned United 
States patent application serial number 08/177,175, filed 
on January 4, 1994 and entitled SIMULTANEOUS CARDIAC 
PACING AND LOCAL DRUG DELIVERY, a Notice of Allowance for 
10 which has issued and the disclosure of which is hereby 
incorporated by reference. 

One skilled in the art will realize that 
phonophoresis also can be used to transport the agent 
from the balloon 12 to the target area. If phonophoresis 
15 is used, the coil -wire electrode 22 is replaced with an 
ultrasonic transducer, and there is no patch- type 
electrode. Iontophoresis and phonophoresis are described 
in more detail in commonly- assigned United States Patent 
5,286,254, which is entitled Microporous Membrane and the 
disclosure of which is hereby incorporated by reference. 

After the agent is delivered, the caregiver 
will increase the pressure of the agent within the 
chamber 13, which will cause the balloon 12 to further 
inflate, and fully or over expand the stent 14. If the 
25 caregiver wants greater control over the dose of agent 

that is delivered, he/she can withdraw the agent from the 
chamber 13 after delivery is completed and then inflate 
the balloon with a non- therapeutic substance such as 
sterile saline in order to expand the stent. 
30 The stent is fully or over expanded when the 

stent 14 firmly presses against or becomes embedded in 
the vessel wall. In this state, the stent and vessel 
wall should conform with one another. One skilled in the 
art will realize that the level to which the pressure of 
35 the agent is increased depends on the diameter of the 
vessel in which the stent 14 is placed and on how much 
the caregiver desires to expand the circumference of the 
stent 14. The larger the circumference that is desired, 
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the greater the pressure that must be applied to the 
agent . 

In practice, the level to which the pressure of 
the agent is increased in order to fully or over expand 
5 the stent is typically between about 4 atm and about 20 
atm. Such pressures ensure that all areas of the stent 
14 become expanded and firmly press against the vessel 
wall. After the stent 14 is expanded, the balloon 12 is 
deflated and the catheter 10 is withdrawn from the 
10 patient. 

One skilled in the art will realize that there 
are other sequences of operation in which the steps 
described above can be performed. For example, the 
caregiver can continue to transport the agent while the 

15 stent is being expanded. The caregiver can also continue 
to transport agent after the sent is expanded. In 
another possible sequence of steps, the stent could be 
expanded prior to delivery of the agent. 

As an alternative to the method described 

20 above, the stent 14 can be heated or cooled in order to 
cause it to expand if nitinol metal is used to form the 
stent 14. Nitinol metal has a memory. When nitinol 
metal is heated or cooled from an original temperature to 
a selected memory temperature and reshaped from a first 

25 shape to a second shape, its memory is set so that the 
metal will return to the first shape when it is reheated 
or recooled to the selected memory temperature. In use, 
the nitinol metal is heated or cooled to the selected 
memory temperature in order to expand the stent 14. The 

3 0 stent 14 could be warmed by heating or cooling the agent 
that is injected into the balloon 12 or by injecting a 
heated or cooled fluid into the balloon 12 either before 
or after the agent is injected into the balloon 12. 

The selected memory temperature can be set at 

3 5 body temperature in which case the stent 14 will maintain 
its expanded shape. If the memory temperature is set at 
body temperature, the caregiver can rely on body heat 
generated by the patient to expand the stent. The 
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caregiver could also artificially heat the metal to body 
temperature. 

Alternatively, a nitinol stent that is already 
deployed in a vessel can be repositioned or removed by 
5 positioning a catheter balloon in the stent and then 
either heating or cooling the stent to its original 
temperature so that it shrinks and becomes remounted on 
the balloon. If the stent is being repositioned, the 
catheter can be moved to the new location and the stent 
can then be allowed to cool or warm to the first memory 
temperature and reexpand. If the stent is being removed, 
the catheter simply can be removed from the patients 
body. 

As another alternative method, it is also 
possible to use the catheter 10 to perform angioplasty. 
If the catheter 10 is used to perform angioplasty, the 
caregiver can simultaneously perform angioplasty, deliver 
the agent, and expand the stent. Simultaneous 
angioplasty and delivery of the agent is discussed in 
more detail in commonly-assigned United States Patent 
5,498,238, which is entitled Simultaneous 
Angioplasty/Drug Delivery, the disclosure of which is 
hereby incorporated by reference. The caregiver could 
also deliver the agent either before or after angioplasty 
25 is performed and the stent 14 is expanded. 

The caregiver could also use the catheter 10 to 
perform angioplasty and deliver an agent, withdraw the 
catheter 10, mount the stent 14 on the catheter 10, 
reintroduce the catheter to deploy the stent 14, and 
30 deliver additional agent. This alternative method is 
advantageous because the caregiver can use the 
microporous balloon 12 to simultaneously deliver a first 
drug such as an antiproliferative agent during 
angioplasty and to simultaneously deliver a second agent 
35 such as an anticoagulant during stent deployment. There 
is additional advantage because only a single catheter 10 
is needed to perform angioplasty, deliver the agents, and 
deploy the stent 14. As a result, there is a cost 
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savings because less medical equipment is needed. 
Furthermore, the medical procedure can be performed much 
more efficiently because the amount of equipment that the 
caregiver must handle is reduced. 
5 Pressure can also be used as the primary 

transport mechanism for delivering the agent. If 
pressure is the primary transport mechanism, one skilled 
in the art will recognize that catheter 10 does not need 
to include the electrode 22 and the lead 24. During use, 

10 the caregiver pressurizes the agent within the balloon 12 
to a first predetermined level, which will cause the 
agent to flow through pores defined in the balloon. The 
first predetermined level is between about 1 atm and 
about 10 atm. After the agent is delivered, the 

15 caregiver increases the pressure of the agent to a second 
predetermined level, which will cause the balloon 12 to 
expand and thus cause the stent 14 to expand. The second 
predetermined level is between about 4 atm and about 20 
atm. 

20 If pressure is a transport mechanism, the pore 

size and density can be set so that: (1) only a minimal 
amount of agent will flow through the pores at the first 
predetermined pressure level; and (2) the prescribed dose 
of agent will wet and flow through the pores at the 

25 second predetermined level. Controlling the pore size in 
this manner is described in more detail in commonly- 
assigned United States Patent 5,458,568, which is 
entitled Selectively Permeable Membrane for Drug Delivery 
Catheter, the disclosure of which is hereby incorporated 

3 0 by reference. Alternatively, if the prescribed dose of 
agent is delivered at the first predetermined level, the 
agent is withdrawn from the balloon 12 and a second, non- 
therapeutic fluid is injected into the balloon 12 to 
expand the stent 14. Pressure also can be used in 

35 conjunction with iontophoretic or phonophoretic delivery. 

Referring to Figure 4, an alternative 
embodiment includes an agent -retaining coating 26 on the 
outer surface of the balloon, which can be impregnated 
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with the agent. The coating can be any suitable material 
that can retain the agent such as a polymer matrix or an 
open-cell foam. The agent -retaining coating 26 can be 
formed from either a compressible or a non-compressible 
5 material. However, a hon- compressible material is 
advantageous because non- compressible material will 
minimize any loss of the agent as the catheter 10 is 
maneuvered through the vessel and prematurely becomes 
compressed against the vessel wall. Polymer matrixes as 

10 an agent -retaining reservoir is described in more detail 
in commonly- assigned United States patent application 
serial number 08/291,394, the disclosure of which was 
incorporated by reference above. 

In use, the balloon 12 is dipped into a supply 

15 of agent in order to load the agent -retaining coating 26 
before the catheter 10 is introduced into the vessel. 
The caregiver can then follow the treatment steps as 
described above. However, the balloon 12 can be inflated 
with any type of fluid, such as sterile saline, that will 

20 provide a conductive path between the coil-wire electrode 
22 and the agent -retaining coating 26. The inflation 
fluid can also contain additional agent or a different 
type of agent. 

Alternatively, the agent -retaining material 26 
25 can be loaded after the balloon 12 and stent 14 are 

positioned at the treatment area. After the balloon 12 
is positioned, the agent is injected into the chamber 13 
via the lumen 20. The agent is then slightly pressurized 
between about 2 atm to about 3 atm, which will cause some 
30 agent to flow through the pores and saturate the agent - 
retaining material. If this alternative method is used, 
the pores have a size greater than about 150 A. 
Additionally, the agent -retaining material can be 
swellable and compressible. 
35 In an alternative embodiment to the 

configuration shown in Figure 4, a metallic coating (not 
shown) can be used in place of the coil -wire electrode 
22. The metallic coating can be positioned between the 
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outer surface of the balloon 12 and the agent -retaining 
coating 26. In this configuration, the balloon 12 can be 
formed from an impermeable material. Alternatively, the 
metallic coating can be applied to the inner surface of 
5 the balloon 12, in which case the balloon 12 is porous in 
order to provide electrical communication between the 
electrode and the agent -retaining coating 26. In yet 
another alternative embodiment, no electrode is present. 
In this alternative embodiment, the balloon 12 can be 
10 impermeable, and pressure is the primary mechanism for 

delivering agent from the agent -retaining coating 26. In 
this alternative embodiment, the agent -retaining coating 
26 is preloaded before the catheter 10 is introduced into 
the vessel . 

15 Referring to Figure 5, another alternative 

embodiment of the present invention includes an agent - 
retaining coating 28 applied to the outer surface of the 
stent 14. The coating can be formed from either a 
biodegradable material or a non-biodegradable material. 

20 The coating 28 is designed to reduce premature diffusion 
of the agent. One technique for reducing premature 
diffusion of the agent is to entrap the agent within the 
coating 28. Release or diffusion of the agent then can 
be limited to allowing the coating 28 to degrade or to 

25 phoretically transporting the agent using a mechanism 
such as iontophoresis or phonophoresis . Additionally, 
the coating 28 can be a polymer matrix. Nevertheless, 
one skilled in the art will realize that the coating can 
have a number of other physical structures. 

3 0 Additionally, a strip 30 extends along the 

length of the balloon 12. The strip 30 is formed from an 
electrically conductive material and provides electrical 
communication between the lead 24 and the stent 14 . The 
strip 30 can separate from the stent 14 upon deflation of 

35 the balloon 12. In this configuration, the catheter can 
be removed from the patient and the stent 14 can be left 
behind, i.e., positioned in the vessel. In lieu of 
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having the strip 30, the balloon 12 can be coated with a 
metallic material. 

The stent 14 also is formed from an 
electrically conductive material and the lead 24 is 
5 operably connected to the strip 30. The lead 24 extends 
down through the catheter body 11 and extends through the 
lumen 20. In this configuration, the stent 14 acts as an 
electrode. 

The embodiment shown in Figure 5 is used in a 
manner that is substantially similar to the steps 
described above. During iontophoresis, an electrical 
current passes between the stent 14 and the patch- type 
electrode that is affixed to the patient's body. The 
electrical current will transport the agent from the 
agent -retaining coating 28 to tissue surrounding the 
stent 14 . 

Additionally, the balloon 12 can be inflated 
with an agent, which would permit simultaneous transport 
of an agent from the chamber 13 of the balloon 12 and 
from the agent -retaining coating 28. The agent used to 
inflate the balloon 12 could be the same agent that is 
included in the agent-retaining coating 28 or could be a 
different agent than the agent included in the agent - 
retaining coating 28. Alternatively, the balloon 12 can 
25 be formed from an impermeable material and can be 
inflated with any suitable fluid. 

Alternatively, the agent -retaining coating 28 
can be formed from a biodegradable material. In this 
embodiment, the agent -retaining coating 28 will gradually 
degrade after the stent 14 is positioned in the vessel 
and the catheter 10 is removed. This embodiment is 
advantageous because a therapeutic level of the agent can 
be maintained at the treatment area for an extended 
period of time after the catheter is removed. This 
35 embodiment might be used for the sustained release of an 
anticoagulant such as an antithrombotic agent in order to 
prevent formation of a thrombus. 
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If the agent -retaining coating 28 is 
biodegradable, iontophoresis or phonophoresis could still 
be used to transport the agent. Alternatively, the agent 
can be delivered by simply placing the stent 14 in the 
5 vessel. In this alternative delivery, the catheter 10 
does not need to include an active transport mechanism 
such as an electrode or an ultrasonic transducer. 
Furthermore, the balloon 12 can be formed from an 
impermeable material. 

10 In yet another alternative, if the agent - 

retaining coating 28 is formed from biodegradable 
material and the agent included in the coating 28 has a 
neutral charge, there could be both immediate delivery of 
an agent and sustained delivery of an agent . Immediate 

15 delivery could occur by delivering the agent that is 
injected into the chamber 13 by use of iontophoresis, 
phonophoresis, or pressure. If iontophoresis is used, 
the strip 30 can be replaced with the coil-wire electrode 
22. If phonophoresis is used, the strip 30 is replace 

20 with an ultrasonic transducer. Sustained release of the 
agent could occur by allowing the agent -retaining coating 
28 to degrade thereby releasing the agent that is 
included within the coating 28. This alternative 
delivery is advantageous when delivering both an 

25 anticoagulant and an agent such as an antiproliferative 
agent or radioactive isotope. 

While the invention has been described in 
conjunction with a specific embodiments thereof, it is 
evident that other alternatives, modifications, and 

30 variations can be made in view of the foregoing 

description. Accordingly, the invention is not limited 
to these embodiments or the use of elements having 
specific configurations and shapes as presented herein. 
Rather, the scope and spirit of the present invention is 
35 dictated by the following claims. 
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THE CLAIMED INVENTION IS: 

1. A method of delivering a stent to a vessel using a 
catheter having a balloon and a stent that is mounted on 
the balloon, the method comprising the steps of: 
5 positioning the balloon and the stent in the vessel 

so that the balloon and stent are proximate a 
treatment area; 
delivering a therapeutic agent to the treatment area 
while the balloon is proximate the treatment 
10 area; and 

inflating the balloon so that the stent expands 
against the vessel wall. 



15 



20 



2. The method of claim 1 further comprising the 
following additional steps, which are performed prior to 
the step of positioning the balloon and the stent: 

positioning the balloon in the vessel; 

inflating the balloon thereby performing 
angioplasty; 

withdrawing the balloon from the vessel; and 

mounting the stent on the balloon. 



3. The method of claim 1 wherein the step of inflating 
the balloon includes the step of performing angioplasty 

25 at the treatment area. 

4. The method of claim 1 wherein the step of delivering 
the therapeutic agent includes the step of 
iontophoretically delivering the therapeutic agent. 

30 

5. The method of claim 1 wherein the step of delivering 
the therapeutic agent includes the step of 
phonophoretically delivering the therapeutic agent. 

35 6. The method of claim 1 wherein the step of delivering 
the therapeutic agent includes the step of delivering the 
therapeutic agent from a coating applied to the stent. 
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7. The method of claim 1 wherein the balloon defines a 
chamber and is formed from a porous material, the step of 
delivering the therapeutic agent includes the steps of: 

supplying the therapeutic agent to the chamber; and 
5 delivering the therapeutic agent from the chamber to 

the treatment area. 

8. The method of claim 7 wherein: 

the step of delivering the therapeutic agent 
10 includes the step of pressurizing the fluid in 

the chamber to a first predetermined pressure; 
and 

the step of inflating the balloon so that the stent 
expands includes the step of pressurizing the 
15 fluid in the chamber to a second predetermined 

pressure, the second predetermined pressure 
being greater than the first predetermined 
pressure . 



20 9. The method of claim 7 wherein the balloon defines a 
chamber and is formed from a porous material, the step of 
delivering the therapeutic agent and inflating the 
balloon being performed simultaneously. 

25 10. A method of delivering a stent to a vessel using a 
catheter having a balloon and a stent that is mounted on 
the balloon, the method comprising the steps of: 

positioning the balloon and the stent in the vessel 
so that the balloon and stent are proximate a 
30 treatment area; 

delivering a therapeutic agent to the treatment area 
while the balloon is proximate the treatment 
area; and 

inflating the balloon thereby simultaneously 
35 expanding the stent against the vessel wall and 

performing angioplasty. 
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11. A method of delivering a stent to a vessel using a 
catheter having a balloon and a stent that is mounted on 
the balloon, the method comprising the steps of: 

positioning the balloon and the stent in the vessel 
5 so that the balloon and stent are proximate a 

treatment area; and 

inflating the balloon with a therapeutic agent 

thereby simultaneously expanding the stent 

against the vessel wall, performing 

10 angioplasty, and delivering the therapeutic 

agent . 

12 . A method of performing angioplasty and delivering a 
stent to a vessel using a catheter having a balloon, the 

15 method comprising the steps of: 

performing angioplasty wherein the balloon is 

positioned in the vessel so that the balloon is 
proximate a treatment area, is inflated, and is 
removed from the vessel; and then 

20 deploying stent wherein a stent is mounted on the 

balloon, the balloon is repositioned proximate 
the treatment area, and is inflated so that the 
stent expands against the vessel wall. 

25 13. The method of claim 12 further comprising the step 
of delivering an agent during the first step of 
performing angioplasty. 

i 

14 . The method of claim 13 further comprising the step 
3 0 of delivering additional agent during the second step, of 

deploying the stent. 

15. The method of claim 14 wherein different agents are 
delivered during the step of delivering an agent and the 

35 step of delivering additional agent. 

16. An apparatus for delivering a stent to a treatment 
area, the apparatus comprising: 
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a catheter defining a lumen; 

a balloon in fluid communication with the lumen, 

wherein the balloon defines pores sized about l 
\i or less; and 
5 a stent mounted on the balloon. 

17. The apparatus of claim 16 wherein the stent is 
coated with an agent -retaining material, the agent- 
retaining material being configured to retain an agent. 

10 

18. The apparatus of claim 17 wherein the agent 
retaining material is a polymer matrix. 

19. The apparatus of claim 17 wherein the agent 
15 retaining material is biodegradable. 

20. The apparatus of claim 16 wherein the stent is 
formed from a biodegradable material. 

20 21. The apparatus of claim 20 wherein the biodegradable 
material includes an agent. 

22. The apparatus of claim 16 wherein an agent -retaining 
material is positioned between the balloon and the stent, 

25 the agent -retaining material being configured to retain 
an agent . 

23. The apparatus of claim 22 wherein the agent- 
retaining material is a polymer matrix. 

30 

24. The apparatus of claim 16 further comprising first 
and second electrodes, the first electrode being operably 
connected to the balloon, the first and second electrodes 
configured to be electrically connected to a power 

35 supply. 
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25. The apparatus of claim 24 wherein the second 
electrode is operably connected to the catheter thereby 
forming a bipolar electrode configuration. 

5 26. The apparatus of claim 24 wherein the second 

electrode is configured to be placed against a patient's 
skin. 

27. The apparatus of claim 24 wherein the balloon 

10 defines a chamber and the first electrode is positioned 
in the chamber. 

28. The apparatus of claim 24 wherein the balloon has ar 
outer surface and the first electrode is positioned 

15 against the outer surface. 

29. The apparatus of claim 28 wherein the first 
electrode is a metallic coating applied to the outer 
surface . 

20 

30. The apparatus of claim 18 wherein the stent is 
formed from an electrically conductive material and forms 
the first electrode, the apparatus further comprising a 
lead, the lead being configured to provide electrical 

25 communication between the poser supply and the stent. 

31. The apparatus of claim 30 further comprising an 
electrically conductive material, the electrically 
conductive material being positioned between the balloon 

30 and the stent and providing electrical communication 
between the lead and the stent. 

32. The apparatus of claim 16 further comprising an 
ultrasonic transducer, the ultrasonic transducer being 

35 operably connected to the balloon and configured to be 
electrically connected to a power supply. 
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33. The apparatus of claim 16 wherein the balloon 
defines a chamber and the ultrasonic transducer is 
positioned in the chamber. 

34. An apparatus for delivering a stent to a treatment 
area, the apparatus comprising: 

a catheter defining a lumen; 

a balloon in fluid communication with the lumen; 
a stent mounted on the balloon, the stent being 

formed with an electrically conductive 

material ; and 

a lead extending along the catheter, the lead having 
one end in electrical communication with the 
stent and an opposite end configured to be 
connected to a power supply. 

35. An apparatus for delivering a stent to a treatment 
area, the apparatus comprising: 

a catheter defining a lumen; 

a balloon in fluid communication with the lumen, the 
balloon defining pores sized about 1 n or less; 
and 

a stent mounted on the balloon, the stent being 
coated with a biodegradable material, the 
biodegradable material being configured to 
retain the agent and release the agent as it 
degrades . 
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